We have measured the thermal neutron capture cross section for 180 W nucleus. There is only one previous data on this cross section with a value of 30 +300% −100% barn. To consider 181 W as a low energy neutrino source, the thermal neutron capture cross section should be measured more precisely to estimate the production rate of 181 W inside a nuclear reactor. We measured the cross section of 180 W with a natural tungsten foil and obtained a new value of 21.9 ± 2.5 barn.
I. MOTIVATION
Neutrino oscillation experiments such as Super-Kamiokande (SK) [1] , K2K [2] , SNO [3] , and the KAMLAND [4] , have achieved great progresses in understanding the masses and mixing angles of the neutrinos. The non-zero masses and the large mixing angles of the neutrinos are confirmed and stimulate further theoretical models on the neutrino masses.
The above neutrino oscillation experiments detected the neutrinos from the sun (SK, SNO), from accelerator (K2K), and from nuclear reactors (KAMLAND, CHOOZ). Therefore the neutrino sources are fixed in their locations, which limits the flexibility of the experiments to some extent. In addition to these neutrino sources, artificial neutrino source (ANS) has been studied for the calibration of neutrino detectors such as GALLEX [5] and SAGE [6] .
The ANS refers the neutrinos from a beta decaying nuclei. For example, the neutrinos from electron capture of 51 Cr nuclei are mostly mono-energetic at the energy of about 750 keV.
About 1 MCi(million Curie) of 51 Cr was produced by (n, γ) capture reaction inside a nuclear reactor with enriched 50 Cr to calibrate the solar neutrino detector [5, 6] .
Besides the calibration of a neutrino detector, the radioisotope neutrino source can be used to study non-standard neutrino properties and possibly for neutrino oscillation experiment. For example, about 1 MCi neutrino source can be used to measure the magnetic moment of the neutrinos with a neutrino detector closely located to the source. Recently two groups, TEXONO [7] and MUNU [8], reported most stringent upper limits on the neutrino magnetic moment as µ ν < 7.4 × 10 −11 µ B and µ ν < 9.0 × 10 −11 µ B respectively from the measurements of νe elastic scattering energy spectra with the reactor neutrinos. The neutrino magnetic moment is one of the most fundamental properties of neutrinos and it is anticipated that one can improve the sensitivity if a strong neutrino source with a proper radioisotope is available.
There are other candidates for a neutrino source besides 51 Cr , such as 181 W, 170 Tm, and 147 Pm, etc [9] . An appropriate radioisotope for ANS should have characteristics such as; (1) relatively long decay time between 10 days and 10 year to perform an experiment, (2) low gamma intensities for safety issue, (3) abundances of mother nuclei should be relatively large for low cost, (4) thermal neutron capture cross section should be large. Among the nuclei, 147 Pm is produced from nuclear spent fuel, and the others are produced by (n, γ) reaction in nuclear reactors. 181 W has good properties except the low abundance of 180 W at the level of 0.12%. Therefore an enrichment is necessary for tungsten, and the production cost depends on the amount of material needed to produce the desirable activity, which is usually more than 1MCi. In this respect, the thermal neutron capture cross section of 180 W is an important parameter to know. Until now, however, there is only one data on the thermal neutron capture cross section on this nucleus, 30 +300% −100% barn, measured by Pomerance more than 50 years ago [10] . Since the uncertainty of this data is very large, it is necessary to measure the cross section more precisely to determine if 181 W is a good candidate for ANS. 
II. EXPERIMENTAL SETUP
An irradiation area at HANARO research reactor facility in Korea was used for the measurement. At HANARO, a neutron irradiation facility for BNCT (Boron Neutron Capture Therapy) consists of a water shutter, a fast neutron and gamma ray filter, a liquid nitrogen cooling system, a beam collimator, and shieldings [11] . The cadminium ratio (Cd ratio) at this facility is known to be larger than 100 at the position of irradiation. We prepared two identical tungsten foils (99.9% pure) with a size of 50.1mm X 50.1mm X 0.138mm (6.644g) to measure the Cd ratio at the same time of the irradiation. The thickness of the foil was calculated by dividing the mass of the foil by the area with a density of 19.25g/cm 3 . One foil was sandwiched by two Cadminium foils of about 1mm thickness. The thermal neutron flux was previously measured at this beam line as about 7-8×10 8 neutrons/sec/cm 2 . Table I shows the informations of stable isotopes in natural tungsten foil [12] . The idea is that we can obtain the capture cross section of [15] , and NUDAT. The correct value, 0.083, was reported in the paper of [16] . We reported this mistake to NNDC database group, and it is corrected in NNDC database at the moment of this writing.
We irradiated both the enclosed and open foils for 5 hours at the BNCT facility, and the irradiated foils are left for 12 days or more to reduce the activity of the foils. Even though the half-life of 187 W is only 1 day, we still have enough counts from the decay of III. RESULTS Figure 1 shows the HPGe spectra of two tungsten foils with and without cadminium enclosure. The Cd ratio has been estimated by the ratio of the γs from 187 W peaks, which are dominant in these spectra. The Cd ratio was obtained to be 245± 10, which guarantees the activities we obtain from the open foil has little contribution from non-thermal neutrons. Table II shows the measured count rates and errors. The production rate of radioisotopes from (n, γ) reaction during the irradiation can be written as
Here F is the neutron flux, m is the total mass of the foil, α, w, and σ are the capture cross section, mass number, and the relative abundance of target isotope, respectively. A 0 is the Avogadro's number. The thermal neutron capture cross section of 180 W can be obtained 
Here the index i refers to 184 W or 186 W. The production rate R is calculated from the data as,
Here C j i , I j i , η j i are the net count, the gamma intensity, and the detection efficiency of j th gamma from i th isotope respectively, and R j i is the production rate calculated with the net gamma count. τ i is the mean decay time of the produced radioisotope, T is the irradiation time, and t 1 , t 2 are the starting and stop time of the HPGe measurement since the end of the irradiation period.
The production rates of each radioisotope are in the last two columns of Table II . The errors in the production rates are due to the errors in count statistics, gamma intensity [15, 18] , and detection efficiency. Unfortunately, the efficiencies of the HPGe detector at underground is not accurately measured since we observed discrepancies between calibrated source measurements and the GEANT4 simulations. The conservative estimation of the discrepancies are in the order of 20% for the energy region over 100 keV, and it contributes most for the uncertainties in the production rates. The errors of the abundances of each isotopes are negligible compared with the other errors, so neglected in the analysis. In the case of 181 W and 187 W, the production rates obtained with multiple γs are consistent with each other as expected. The weighted mean of the production rates are in the last column of 
